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 /LQN&OXVWHULQJ%DVHG$SSURDFK

$VVKRZQLQ6HFWLRQWKH&'&SUREOHPFDQEHUHJDUGHGDVDQHTXLYDOHQW/&SUREOHP,Q
WKLV VHFWLRQZHERUURZ WKH LGHDRI OLQNFOXVWHULQJ >@ WR VROYH&'&SUREOHPDQGGHVFULEH
WKRVH/&EDVHGDOJRULWKPVIRUFOXVWHULQJFDWHJRULFDOGDWD
.XELFDHWDO>@SUHVHQWHG*'$DQGNJURXSVDOJRULWKPVERWKRIZKLFKLVEDVHGRQD
SUREDELOLVWLF JHQHUDWLYHPRGHO VKRZQ LQ )LJXUH  7KHPRGHO LV D%D\HVLDQ QHWZRUNZKHUH WKH
RYDOVLQGLFDWHSDUDPHWHUVWREHOHDUQHGIURPGDWD7KHILYHSULPDU\FRPSRQHQWVRIWKLVPRGHODUH
7KHGHPRJUDSKLFVGDWDVHW''ZKLFKFRQWDLQVDOOWKHHQWLWLHVXQGHUFRQVLGHUDWLRQDQG
WKHLUGHPRJUDSKLFLQIRUPDWLRQ
7KHOLQNGDWDVHW/'ZKLFKLVMXVWDVHWRIUHFRUGVVSHFLI\LQJREVHUYHGOLQNV
7KHFKDUW&+ZKLFKLQGLFDWHVZKLFKHQWLWLHVEHORQJWRZKLFKJURXSV7KLVGDWDVWUXFWXUH
FDQEHSLFWXUHGDVDVSDUVH .1 3 u PDWUL[ZKHUHWKHFROXPQVLQGLFDWHWKHJURXSVDQGWKHURZV
LQGLFDWH WKHHQWLWLHV8QOLNH WUDGLWLRQDO FOXVWHULQJPRGHOV DQHQWLW\FDQ VLPXOWDQHRXVO\EHD IXOO
PHPEHURIVHYHUDOJURXSVKDYHD³RQH´LQVHYHUDOFROXPQV
 7KHGHPRJUDSKLFPRGHO'0ZKLFKGHILQHVDUHFLSHIRUSODFLQJDHQWLW\LQDJURXSEDVHG
RQ GHPRJUDSKLFLQIRUPDWLRQDQG
 7KHOLQNPRGHO/0ZKLFKGHILQHVDUHFLSHIRUOLQNJHQHUDWLRQ7KHOLQNPRGHOFRQWDLQV
WZR SDUDPHWHUV IRU HDFK OLQN W\SH WKH SUREDELOLW\ D OLQN RI WKDW W\SH LV FRPSOHWHO\ UDQGRP
LQQRFHQW3,  DQGWKHSUREDELOLW\WKDWDQHQWLW\LQDOLQNRIWKDWW\SHLVQRLVHUDQGRP35 7KHVH
SUREDELOLWLHVFDQEHOHDUQHGRUVSHFLILHGE\WKHXVHU 
7KHDERYHFRPSRQHQWVSURYLGHD UHFLSH IRUJHQHUDWLQJ WKHGDWD IURP WKHPRGHO8VLQJ WKH
GHFRPSRVLWLRQ SURYLGHG E\ WKH %D\HVLDQ QHWZRUN LQ )LJXUH  WKH DFWXDO PD[LPXP OLNHOLKRRG
HVWLPDWLRQLVDFFRPSOLVKHGE\XVLQJQRLV\KLOOFOLPELQJDKHXULVWLFRSWLPL]DWLRQPHWKRG7KHJRDO
LVWRILQGWKHFKDUWGHPRJUDSKLFVPRGHODQGSRVVLEO\OLQNPRGHOWKDWPD[LPL]HWKHOLNHOLKRRGDV
JLYHQE\WKHHQWLUH%D\HVLDQQHWZRUNLQ)LJXUH7KLVLVGRQHE\WU\LQJGLIIHUHQWPRYHVDGGLQJ
DQ HQWLW\ WR D JURXS RU UHPRYLQJ DQ HQWLW\ IURP D JURXS DQG HYDOXDWLQJ WKH FKDQJH LQ WKH
ORJOLNHOLKRRG 
)RUPRUHGHWDLOVWKHUHDGHUVKRXOGUHIHUWR>@

'HPRJUDSKLFV
0RGHO
'HPRJUDSKLFV
0RGHO
/LQN
0RGHO
&KDUW
/LQN
'DWD
)LJ 3UREDELOLVWLFPRGHORIJURXSPHPEHUVKLSDQGOLQNJHQHUDWLRQ>@
 ([SHULPHQWDO5HVXOWV

$ FRPSUHKHQVLYH SHUIRUPDQFH VWXG\ KDV EHHQ FRQGXFWHG WR HYDOXDWH RXU PHWKRG ,Q WKLV
VHFWLRQZHGHVFULEHWKRVHH[SHULPHQWVDQGWKHUHVXOWV:HUDQRXUDOJRULWKPRQUHDOOLIHGDWDVHWV
REWDLQHG IURP WKH 8&, 0DFKLQH /HDUQLQJ 5HSRVLWRU\ >@ WR WHVW LWV FOXVWHULQJ SHUIRUPDQFH
DJDLQVWRWKHUDOJRULWKPV

 5HDO/LIH'DWDVHWVDQG(YDOXDWLRQ0HWKRG

:HH[SHULPHQWHGZLWKIRXUUHDOOLIHGDWDVHWVWKH0XVKURRPGDWDVHWDQGWKH&DQFHUGDWDVHW
ZKLFKZHUHREWDLQHGIURPWKH8&,0DFKLQH/HDUQLQJ5HSRVLWRU\>@1RZZHZLOOJLYHDEULHI
LQWURGXFWLRQDERXWWKHVHGDWDVHWV

9 7KH 0XVKURRP 'DWDVHW ,W KDV  DWWULEXWHV DQG  UHFRUGV (DFK UHFRUG UHSUHVHQWV
SK\VLFDOFKDUDFWHULVWLFVRIDVLQJOHPXVKURRP$FODVVLILFDWLRQODEHORISRLVRQRXVRUHGLEOHLV
SURYLGHGZLWKHDFKUHFRUG7KHQXPEHUVRIHGLEOHDQGSRLVRQRXVPXVKURRPVLQ WKHGDWDVHW
DUHDQGUHVSHFWLYHO\
9 :LVFRQVLQ %UHDVW &DQFHU 'DWD ,W KDV  LQVWDQFHV ZLWK  DWWULEXWHV (DFK UHFRUG LV
 :HXVHDGDWDVHWWKDWLVVOLJKWO\GLIIHUHQWIURPLWVRULJLQDOIRUPDWLQ8&,0DFKLQH/HDUQLQJ5HSRVLWRU\ZKLFKKDVLQVWDQFHVZLWKEHQLJQUHFRUGVDQGPDOLJQDQWUHFRUGV,WLVSXEOLFDYDLODEOHDW
ODEHOHGDVEHQLJQRURUPDOLJQDQWRU,QRXUOLWHUDWXUHDOODWWULEXWHV
DUHFRQVLGHUHGFDWHJRULFDOZLWKYDOXHV«
9DOLGDWLQJFOXVWHULQJUHVXOWVLVDQRQWULYLDOWDVN,QWKHSUHVHQFHRIWUXHODEHOVDVLQWKHFDVH
RI WKH GDWD VHWV ZH XVHG ZH FDQ IRUP D FRQIXVLRQPDWUL[ WR PHDVXUH WKH HIIHFWLYHQHVV RI WKH
DOJRULWKP(DFKHQWU\ L M LQ WKHFRQIXVLRQPDWUL[ UHSUHVHQWV WKHQXPEHURIREMHFWV LQFOXVWHU L
WKDWEHORQJWRWUXHFODVVM )RUDQREMHFWLYHHYDOXDWLRQPHDVXUHZHXVHWKHFOXVWHULQJDFFXUDF\IRU
PHDVXULQJWKHFOXVWHULQJUHVXOWVZDVFRPSXWHGDVIROORZV*LYHQWKHILQDOQXPEHURIFOXVWHUVN
FOXVWHULQJDFFXUDF\U ZDVGHILQHGDVU  Q
DN
L L¦    ZKHUHQ LVWKHQXPEHURIUHFRUGVLQWKHGDWDVHW
DL LVWKHQXPEHURILQVWDQFHVRFFXUULQJLQERWKFOXVWHUL DQGLWVFRUUHVSRQGLQJFODVVZKLFKKDGWKH
PD[LPDO YDOXH ,Q RWKHUZRUGVDL LV WKHQXPEHU RI UHFRUGVZLWK WKH FODVV ODEHO WKDW GRPLQDWHV
FOXVWHUL &RQVHTXHQWO\WKHFOXVWHULQJHUURULVGHILQHGDVH  U
 ([SHULPHQW'HVLJQ

:H VWXGLHG WKH FOXVWHULQJ IRXQG E\ WKUHH DOJRULWKPV RXU DOJRULWKP GHQRWHG DV /&%&'&
/LQN&OXVWHULQJ%DVHG&DWHJRULFDO'DWD&OXVWHULQJ WKH6TXHH]HUDOJRULWKPLQWURGXFHGLQ>@
DQG WKH NPRGHV DOJRULWKP SURSRVHG LQ >@ ,W KDV EHHQ GHPRQVWUDWHG WKDW WKH 6TXHH]HU DQG
NPRGHV DOJRULWKP FDQ SURGXFH EHWWHU FOXVWHULQJ RXWSXW WKDQ RWKHU DOJRULWKPV LQ FDWHJRULFDO
GDWDVHW ZLWK UHVSHFW WR FOXVWHULQJ DFFXUDF\ 7KXV WKH WZR DOJRULWKPV DUH VHOHFWHG IRU WKH
FRPSHWLWLRQ
,QDOOWKHH[SHULPHQWVH[FHSWIRUWKHQXPEHURIFOXVWHUVDOOWKHSDUDPHWHUVUHTXLUHGE\WKH
/&%&'& DOJRULWKP DUH VHW WR EH GHIDXOW 7KH 6TXHH]HU DOJRULWKP UHTXLUHV RQO\ D VLPLODULW\
WKUHVKROGDVLQSXWSDUDPHWHUVRZHVHWWKLVSDUDPHWHUWRDSURSHUYDOXHWRJHWWKHGHVLUHGQXPEHU
RI FOXVWHUV )RU WKH6TXHH]HU DOJRULWKP LI WKHRXWSXWQXPEHURI FOXVWHUV LV VDPH WKHFOXVWHULQJ
DFFXUDF\LVDOPRVWLGHQWLFDO+HQFHZHFDQXVHDQ\VLPLODULW\WKUHVKROGYDOXHWKDWFDQPDNHWKH
DOJRULWKP JHW WKH GHVLUHG QXPEHU RI FOXVWHUV )RU WKH NPRGHV DOJRULWKP ZH XVH WKH ILUVW N
GLVWLQFWUHFRUGVIURPWKHGDWDVHWWRFRQVWUXFWLQLWLDON PRGHV
0RUHRYHUVLQFHWKHFOXVWHULQJUHVXOWVRINPRGHVDOJRULWKPDQG6TXHH]HUDOJRULWKPDUHIL[HG
IRUDSDUWLFXODUGDWDVHWZKHQWKHSDUDPHWHUVDUHIL[HGRQO\RQHUXQLVXVHGLQWKHWZRDOJRULWKPV
7KH/&%&'&DOJRULWKP LV DSUREDELOLVWLF DOJRULWKP VR LWVRXWSXWVZLOOGLIIHU LQGLIIHUHQW UXQV
+RZHYHUZHREVHUYHGLQWKHH[SHULPHQWVWKDWWKHFOXVWHULQJUHVXOWLVYHU\VWDEOHVRWKHFOXVWHULQJ
HUURU RI WKLV DOJRULWKP LV UHSRUWHG ZLWK LWV ILUVW UXQ ,Q VXPPDU\ ZH XVH RQH UXQ WR JHW WKH
FOXVWHULQJRXWSXWIRUDOOWKHWKUHHDOJRULWKPV

 &OXVWHULQJ5HVXOWVRQ0XVKURRP'DWD
)RUWKLVGDWDVHWZHOHWDOOWKHDOJRULWKPVSURGXFHWZRFOXVWHUV7DEOHVKRZVWKHFOXVWHUVDQG
KWWSUHVHDUFKFPLVFVLURDXURKDQERXWOLHUVEUHDVWFDQFHUEUFDQFHUDOOGDW
 6LQFHRXU LPSOHPHQWDWLRQ IRU WKH/&%&'& DOJRULWKP LV EDVHG RQ WKH DOJRULWKPVGHYHORSHGE\.XELFDHW DO>@6R WKH UHDGHUVPD\ UHIHU WR.XELFD¶V OLQNFOXVWHULQJDOJRULWKPV IRUGHWDLOV7KHH[HFXWDEOHSURJUDPRI.XELFD¶VOLQNFOXVWHULQJDOJRULWKPVLVDYDLODEOHDWKWWSZZZDXWRQODERUJDXWRQZHEVKRZ6RIWZDUH
FODVV GLVWULEXWLRQ SURGXFHG E\ WKH WKUHH DOJRULWKPV$V 7DEOH  VKRZV NPRGHV DOJRULWKP DQG
6TXHH]HU DOJRULWKP KDYH VLPLODU SHUIRUPDQFH ZKLOH RXU DOJRULWKP SHUIRUPV PXFK EHWWHU WKDQ
NPRGHVDOJRULWKPDQG6TXHH]HUDOJRULWKP 

7DEOH&OXVWHULQJUHVXOWVRQPXVKURRPGDWD
6TXHH]HU&OXVWHULQJ(UURU
&OXVWHU12 1RRI(GLEOH 1RRI3RLVRQRXV
  
  
NPRGHV&OXVWHULQJ(UURU
&OXVWHU12 1RRI(GLEOH 1RRI3RLVRQRXV
  
  
/&%&'&&OXVWHULQJ(UURU
&OXVWHU12 1RRI(GLEOH 1RRI3RLVRQRXV
  
  
 &OXVWHULQJ5HVXOWVRQ&DQFHU'DWD
7DEOHFRQWUDVWVWKHFOXVWHULQJUHVXOWVRQFDQFHUGDWDVHW7KHFOXVWHUVSURGXFHGE\/&%&'&
DOJRULWKPFRYHUVRQO\ UHFRUGVRXWRI UHFRUGVEHFDXVH WKH UHVW DUH WUHDWHGDVRXWOLHUVRU
QRLVHV5HFDOOLQJWKHFODVVGLVWULEXWLRQRQWKHFDQFHUGDWDVHWLWKDVLQVWDQFHVZLWKEHQLJQ
UHFRUGVDQGPDOLJQDQWUHFRUGV$VVKRZQLQ7DEOH/&%&'&UHDVRQDEO\GLVFDUGVPRVWRI
WKRVHPDOLJQDQWUHFRUGVDVRXWOLHUVDQGUHYHDOVDQDOPRVWSXUHFOXVWHUWKDWLVPDGHXSZLWKEHQLJQ
UHFRUGV)URPWKLVSHUVSHFWLYH/&%&'&LVPRUHFDSDEOHWRGLVFRYHUPHDQLQJIXOFOXVWHUV
0RUHRYHU/&%&'&DOJRULWKPSHUIRUPVPXFKEHWWHUWKDQNPRGHVDOJRULWKPDQG6TXHH]HU
DOJRULWKPRQWKLVGDWDVHWZKLFKDOPRVWUHDFKWKHFOXVWHULQJDFFXUDF\

7DEOH&OXVWHULQJUHVXOWVRQFDQFHUGDWD
6TXHH]HU&OXVWHULQJ(UURU
&OXVWHU12 1RRI%HQLJQ 1RRIPDOLJQDQW
  
  
NPRGHV&OXVWHULQJ(UURU
&OXVWHU12 1RRI%HQLJQ 1RRIPDOLJQDQW
  
  
/&%&'&&OXVWHULQJ(UURU
&OXVWHU12 1RRI%HQLJQ 1RRIPDOLJQDQW
  
  
 6XPPDU\

2QH PD\ DUJXH WKDW WKH UHVXOWV FDQQRW SUHFLVHO\ UHIOHFW WKDW RXU PHWKRG KDV EHWWHU
SHUIRUPDQFHVLQFHQRWDOOUHFRUGVDUHDVVLJQHGWRDFOXVWHULQRXUPHWKRG+RZHYHULWVKRXOGEH
QRWHGWKDWLQRXUPHWKRGRQHREMHFWDOVRFRXOGEHDVVLJQHGWRPXOWLSOHFOXVWHUV+HQFHIURPWKRVH
UHVXOWVZHDUHFRQILGHQWWRFODLPWKDWRXUPHWKRGFRXOGSURYLGHDWOHDVWWKHVDPHOHYHORIDFFXUDF\
DVRWKHUSRSXODUPHWKRGV

 &RQFOXVLRQV
2XUPDLQFRQWULEXWLRQ LQ WKLVSDSHU LV WRH[SOLFLWO\VWDWH WKHHTXLYDOHQFHEHWZHHQ WKH&'&
SUREOHP DQG /& SUREOHP IRU WKH ILUVW WLPH DQG SRLQW RXW WKDW DOJRULWKPV GHYHORSHG LQ ERWK
GRPDLQVFDQEHXVHGLQWHUFKDQJHDEO\0RUHRYHUWRYHULI\RXUVWDWHPHQWZHIRUPDOO\VKRZKRZ
WR WUDQVIRUP WKH &'& SUREOHP LQWR D /& SUREOHP DQG DSSO\ /& DSSURDFK IRU FOXVWHULQJ
FDWHJRULFDOGDWD(PSLULFDOHYLGHQFHVVKRZWKDWRXULGHDLVSURPLVLQJLQSUDFWLFH 
,Q WKH IXWXUHZHDUHSODQQLQJ WRH[SORUHH[LVWLQJFDWHJRULFDOGDWDFOXVWHULQJDOJRULWKPVRU
WUDQVDFWLRQVFOXVWHULQJDOJRULWKPVWRFOXVWHUODUJHOLQNGDWDVHW

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